Introduction
Spark ignition of fuel sprays is a complex process involving multiple mechanisms which are related to the fields of plasma physics, chemical kinetics, heat transfer, two-phase flows, evaporation and gas dynamics. Moreover, the requirements on reliability, efficiency and low emission increase continuously, driving improvements in combustor design. A profound understanding of spark ignition is essential for the development of prediction tools, which assist the design of highly sophisticated combustors for liquid fuel powered engines (e.g., aviation and automotive engines). In order to gain the neccessary understanding, the features of laser-induced breakdown and ignition of liquid fuels were investigated in previous studies [1, 2] . Although combustion engines are generally ignited by electrical spark igniters rather than laser-induced breakdowns, both ignition concepts feature a high degree of similarity [3] and involve the formation of blast waves [4] . It was found that the small spherical blast waves formed by the rapid initial expansion of the breakdown plasmas play an important role in the ignition process, since they initiate secondary droplet breakup [2] . Indeed, the interaction of shock waves with droplets have previously been extensively studied in shock tubes and blowdown wind tunnels [5, 6] during which droplets were exposed to steady supersonic flows for up to several milliseconds. However, post-shock flow fields of spherical blast waves have significantly different features: They decay rapidly and turn into weak counterflows. Apart from a previous study of the authors [2] very little is known about the interaction of fuel droplets with small blast waves. Here the focus is on the trajectories and energy content of laser-induced blast waves and the investigation of their disintegrative effect on ethanol and Jet A-1 aviation kerosene droplet chains dependent on the distance between the droplet chains and the breakdown location.
Facility
Experiments were performed in a vertically arranged flow channel with a square cross section of 62 cm 2 and a length of one meter. Three sides were equipped with windows with anti-reflective coating, the fourth side was attached to a translation stage. A droplet injector, applying the Rayleigh capillary instability mechanism, was installed at approximately one third height of the flow channel and injected droplet chains downwards. Two orifices were employed, one with a centered 50 μm hole and one with five coplanar 50 μm holes spaced at a centre-to-centre distance of 1.05 mm. The relationship between hole diameter d and droplet diameter D is [7] 4.51d
where 4.51d is the centre-to-centre distance of two successive droplets. Thus, the theoretical droplet diameter was 94.5 μm and the centre-to-centre distance was 225.5 μm. Fuel was supplied by a siphon bottle, its temperature was regulated to 294 K. A flashlamp-pumped, Q-switched and frequency-doubled Nd:YAG laser was used to create the breakdown: Nanosecond pulses at 532 nm of up to 300 mJ were expanded to a diameter of approximately 40 mm and refocused by an achromatic doublet lens with a focal length of 120 mm. They entered the flow channel with a downward angle of 25 deg. Non-resonant breakdowns initiated by multiphoton ionization and followed by electron cascade breakdown occured at the focal point. The rapid initial expansion of the breakdown plama caused the formation of spherical blast waves, which detached from the breakdowns microseconds after the laser pulse. A continuous top down air flow could be estabilished in the flow channel in order to flush out fuel vapour to prevent uncontrolled combustion. Air inside the channel was at ambient pressure and temperature throughout all herein presented experiments.
Experimental Investigations
In the first part, laser-induced blast waves in ambient air were investigated using the schlieren imaging technique to determine the resulting blast wave energies. The parallelized beam from a halogen projector lamp passed through the measurement area inside the flow channel. On the opposite side it was refocused by a lens with a focal lenght of 600 mm. The schlieren effect was generated by an iris aperture in the focal point, blocking its lower part. A high speed CMOS camera recorded the schlieren images at a sustained repetition rate of 25 kHz, an exposure time of 1 μs and a resolution of 448 × 448 pixels, corresponding to a field-of-view of 52 × 52 mm. An OG570 filter in front of the iris aperture suppressed chromatic abberation. Laser pulse energies ranging from 24.2 mJ to 276.6 mJ were applied by adjustment of the Q-switch delay. Only a fraction of the pulse energy dissipated into the breakdown, the rest was transmitted. Pulse and breakdown energies were measured separately with a laser power volume absorber, placed in front of and behind the breakdown.
